40 pmol/mg of tissue). An increase at this time was observed with all doses of carbon tetrachloride examined.
The cytochromes P-450 (cyt. P-450) are a family of enzymes which metabolize a wide range of endogenous and xenobiotic substances and which are present in the liver in high concentration. lmmunocytochemical studies in adult rat liver using polyclonal antibodies to rat hepatic cyt. P-450 have demonstrated a heterogeneous distribution of cyt. P-450 with its localization mainly in zone 3 (centrilobular) hepatocytes (Baron et a/., 1981 : Wolf et al., 1984 .
We have studied the localization and intrahepatic distribution of cyt. P-450 in normal and diseased human liver using monoclonal antibodies to human hepatic cyt. P-450 that have been produced in our laboratories (Barnes et al., 1986) . These antibodies were designated Mab-HL3, Mab-HL4, Mab-HLS and Mab-HP332.
Normal adult human liver was obtained from renal transplant donors and small pieces either snap-frozen in liquid nitrogen and stored at -70°C or fixed in 10% neutral buffered formalin at room temperature for 24 h. Abnormal human liver biopsies, routinely fixed in 10% neutral buffered formalin, were selected from the archive files of the Department of Pathology, University of Aberdeen. All the blocks of fixed liver tissue were processed as previously described (Murray et al., 1986) . Cryostat sections ( 1 0 p n ) were cut from the samples of frozen liver, mounted on glass slides and post fixed in acetone for 20min at room temperature.
Sections were imrnunostained by an indirect immunoperoxidase technique using as the primary layers the anticyt. P-450 monoclonal antibodies with appropriate controls (Sewell et ul.. 1986) .
Cryostat sections of liver showed a similar pattern and intensity of immunostaining with each of the four antibodies. Cyt. P-450 immunoreactivity was present only in the hepatocytes and there was a marked zonal distribution. Cyt. P-450 was localized predominantly in hepatocytes of zone 3 (centrilobular), less in zone 2 hepatocytes (midzonal) and Abbreviation used: cyt. P-450, cytochromes P-450.
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was absent in zone 1 hepatocytes (periportal). Only two of the antibodies, however , demonstrated immunostaining in fixed liver sections (Fig. I ). The intensity and distribution of immunostaining were similar to those observed in cryostat sections. In addition, a small amount of immunostaining was present in the bile duct epithelium.
Cyt. P-450 immunoreactivity (using Mab-HL3) was also demonstrated in cirrhotic livers and hepatocellular carcinoma. Cirrhosis represents end-stage chronic liver disease and consists of regenerative nodules of hepatocytes surrounded by fibrous tissue septa. There was a variable pattern and intensity of cyt. P-450 immunoreactivity in cirrhotic livers. In some nodules there was a 'normal' pattern of staining, with the greatest amount of staining around the hepatic venule (central vein). In other nodules immunostaining was most marked around the periphery of the nodules, i.e. closest to the portal tracts. Hepatocellular carcinoma showed marked loss of cyt. P-450 staining.
The immunocytochemical demonstration of cyt. P-450 in normal adult human liver by monoclonal antibodies to Glucose can be taken up or released by the liver, depending on the nutritional or hormonal status of the animal. In the fed state there is net hepatic glucose uptake, the extent of which depends on the portal glucose concentration (reviewed by Hers, 1976) . In the starved state glucose is released from the liver, being produced either through glycogenolysis or through gluconeogenesis, depending on the duration of starvation. Recent work (reviewed by Foster, 1984; Katz et al., 1986) has demonstrated that when rats are refed carbohydrate after a prolonged period of starvation the predominant direction of hepatic carbon flux remains gluconeogenic, the gluconeogenically derived glucose 6-phosphate being utilized for glycogen synthesis, rather than for glucose output as in the starved state. The switch from glucose release to glycogen synthesis may involve inhibition of glucose-6-phosphatase both by decreased substrate (glucose 6-phosphate) availability, and by a direct mechanism as yet undefined (Newgard et al., 1984) . In the present study we provide evidence that glycogen synthesis does not preclude glucose output, which varies according to precursor supply. Glucose (2 mmo1/100 g body wt., 2 M solution), glycerol (4mmo1/100g body wt., 4111 solution) or water (1 m1/100g body wt.) was administered intragastrically under light ether anaesthesia to 48 h-starved female albino Wistar rats (1 80-220 8). In some experiments, 3-mercaptopicolinate *To whom correspondence should be addressed.
(20mg/100g body wt., in 0.1 M-NaCl, pH 7.4) was injected intraperitoneally at the time of intragastric intubation. Rats were sampled at 0.5 h intervals for up to 2 h after the intragastric load, after being anaesthetized with sodium pentobarbital (5 min; 6 mg/100 g body wt). Blood was withdrawn from the hepatic portal and hepatic veins, and glucose concentrations were determined in KOH-neutralized HCI0,-extracts (Slein, 1966) .
Results are shown in Table 1 . Glucose output [a negative portal ( P ) -hepatovenous ( V ) concentration difference] was evident in the water-fed rats. Suppression of glucose output occurred after glucose re-feeding, confirming results obtained by others using isotope dilution methods (Shikama & Ui, 1978; Newgard et al., 1983) . Although the rate of glycogen deposition was linear after a 30min lag, the response of glucose output to carbohydrate administration varied over the 2 h period. After an initial increase from 0.5 h to 1 h, portal glucose concentrations remained approximately constant. In contrast, hepatovenous concentrations progressively increased, leading to a less positive P -V at 1.5 h than at 0.5 h and 1 h after the intragastric load. At 2 h both an increased V and a decreased P contributed to a further decrease in P -V. Thus while there was no consistent relationship between suppression of glucose output and increased portal glucose, there was a good correlation between the decline in P -Vand an increase in V. The increase in V was blocked when gluconeogenesis was inhibited by 3-mercaptopicolinate (data not shown). The results demonstrate that it is only immediately after a glucose load that gluconeogenic carbon flux is specifically directed towards glycogen synthesis rather than glucose release, when glycerol was administered as substrate, glycogen synthesis occurred without suppression of glucose out- Table I . Blood glucose und hepatic glycogen concentrations after administration of glucosc~ or glwerol to 48 ti-starved rats For details see the text. Results are means or glycerol are indicated: ***P < 0.001; **P < 0.01. 
